Hosoya recently discovered that acetylcholine has a powerful augmentative effect on the regeneration of the visual purple (8) . The present author and Hosoya examined later the effects of choline and betaine and found that their action is similar (9) . Inasmuch as choline and betaine are substances which play an important role in the biochemical transmethylation, the author thought it of interest to extend the examinations to other substances which take part in the same chemical process. The inhibitory effect of creatine and creatinine on the regeneration of the visual purple (10) was found in one of these investigations. In the present work the actions of methionine, cysteine and cystine will be investigated.
METHODS
The methods are the same in principle as those described elsewhere (9,10), so only a few points need be noted here. After the animals (toads) had been light adapted, methionine and others were injected into their breast lymph sacs. Immediately following, they were placed in the dark adaptation apparatus, together with the control animals. After they were dark adapted for 60 or 90 min., the retinae were isolated under a red lamp.
The colour of the retina was then compared macroscopically with Garten's table (the simple method). In another series of experiments the visual purple was extracted from the retina and its concentration was measured by an photoelectric spectrophotometer and compared with that of controls.
dl-Methionine, cysteine and cystine hydrochloride were dissolved in Ringer's solution in proper concentrations.
Cysteine, which was prepared from cystine by Baumann's method (1), was highly watersoluble, characteristically giving an indigo blue colour reaction in the presence of iron chloride which enabled us to differentiate it from cystine.
RESULTS

The results obtained by the simple method:
An augmentative effect on the regeneration of the visual purple was observed distinctly when 0.5-1.0cc. of 1-2% methionine solution was injected, while an inhibitory effect was seen when 1.0cc. of 0.5-1% cysteine solution or 1% cystine hydrochloride solution was injected.
2. The results obtained by the spectrophotometric method: By the method previously described (9,10) the extinction coefficient (E at 500mic2) of the visual purple extract was first measured and then that of the same preparation (E') was again measured after the bleaching of the visual purple. The difference of E and E' gives the content of the visual purple in the extract.
a) The effect of methionine (refer to table 1):
Table1. The effect of dl-methionine (0.2%, 1.0cc.)
In the series of experiments of 60min. dark adaptation, the value of E-Er was, in average, 0,042 in the samples and 0.037 in the controls respectively. In the case of 90min. dark adaptation, they were 0.062 and 0.049. The average of the ratio E-E': E was 51.0% in the samples and 43.6% in the controls respectively.
b) The effects of cysteine (table2):
In the case of 60min. dark adaptation, the average of E-E' was 0.037 in the samples and 0.049 in the controls.
Table2. The effect of cysteine (0.5%, 1.0cc.)
In the case of 90min. dark adaptation, the average of E-E' was 0.054 in the samples and 0.064 in the controls.
The average ratios E-E': E were 47.0%
and 52.8% in the samples and in the controls respectively. We ,see from these results that the content of the visual purple is larger in the controls than in the samples.
c) The effect of cystine hydrochloride (refer to table 3): In the case of 60min.
dark adaptation, the average of E-E' obtained of the samples was 0.049 and that of the controls 0.053 and in the case of 90 min. dark adaptation , the corresponding values 0.064 and 0.080 respectively. The average of the ratio E-E': E of samples were 52.5%, and 57.3% in the controls. It is clear from these results that cystine inhibits the regeneration of the visual purple .
Table3. The effect of cystine hydrochloride (1.0%, 1.0cc.) DISCUSSION We have had since the time of Kiihne, many observations on the actions of various drugs upon the regeneration process in question, and it has been widely accepted that the process is augmented by pilocarpine, and inhibited by cocaine . Tlosoya found that acethylcholine has a more powerful augmentative effect than pilocarpine (8) . Further, it was revealed by the present author that various substances intervening in the biochemical transmethylation processes (440 , 12, 13) have special effects on the visual purple regeneration.
Namely, choline, betaine, and methionine, containing labile methyl groups which augment the regeneration, and creatine, cystin.e and cysteine, not containing any labile methyl group, which have an inhibitory effect. It seems, therefore, that the transfer of methyl groups from choline or other compounds in the retinal tissue to a certain photoproduct of the visual purple, say the visual yellow, is necessary for the regeneration.
The lipotropic actions of choline, betaine and methionine were described by many authors (3,14,2) , on the contrary, the promoting effect of cystine upon the fat infiltration in rat's liver which is fed with high-fat and low-choline diet . Griffith and Mulford (7) demonstrated that choline, betaine and methionine prevented the hemorrhagic degeneration of kidneys of rats, while cystine and cysteine had the opposite effect. The detailed mechanisms of the lipotropic action and of the preventative effect on the hemorrhagic degeneration of kidneys are not yet definitely explained, but it seems probable that their specific actions are due to their augmentative effects on the formation of phospholipids (11) . No conclusion can yet be drawn about the mechanism of the specific effects of these substances on visual purple regeneration until studies are completed on the chemical relations between the phOspholipids and visual purple . The physiological significance of these substances will be greater than that of pilocarpine or cocaine, as these are not found in normal bodies.
SUMMARY
The effects of methionine, cysteine and cystine on the regeneration of the visual purple were examined.
Fresh toads were used as the test animals. In the first series of experiments, the retinae were isolated from the dark adapted animals to which methionine, cystine or cysteine, were injected previously, and their colours were compared with these of the control animals by means of Garten's table.
In the second series of experiments, the concentration of the visual purple of the premedicated and the control animals were measured by a photoelectric spectrophotometer.
It was recognized that methionine augmented the regeneration of the visual purple, but that cysteine and cystine inhibited it.
